Is there an association between the number of oocytes retrieved for IVF, and perinatal and obstetric outcomes?
Introduction
It is well-known that children born after IVF have a higher risk of adverse neonatal outcome (McDonald et al., 2009; Pinborg et al., 2013) and IVF pregnancies are associated with an increased risk of obstetric complications compared to pregnancies after spontaneous conception (Sazonova et al., 2011; Luke et al., 2017) . In recent years, the widespread use of single embryo transfer (SET) has improved perinatal and obstetric outcome, however in singleton pregnancies after IVF there is still an increased risk of obstetric complications such as hypertensive disorders in pregnancy (HDP), gestational diabetes, placenta praevia and postpartum hemorrhage, as well as perinatal complications, such as preterm birth (PTB), low birthweight (LBW), small for gestational age (SGA) and perinatal death, when compared to spontaneous pregnancies Qin et al., 2016; Luke et al., 2017) .
Both subfertility per se and the IVF treatment, including ovarian stimulation and embryo culture techniques, have been suggested as risk factors for adverse perinatal and obstetric outcomes. A recent systematic review by Pinborg et al., found an increased risk of PTB in singletons born after IVF, but also in pregnancies resulting from ovarian stimulation without IVF. This increase also applied to spontaneous pregnancies with a time to pregnancy >1 year, compared to spontaneous pregnancies with no history of subfertility . Subfertility followed by spontaneous conception has also been described as a risk factor for adverse perinatal and obstetric outcome (Luke et al., 2017) .
A few studies have investigated the association between ovarian stimulation during ART and adverse perinatal and obstetric outcome. A recently published large cohort study from the UK, including more than 65 000 singleton births after IVF, found an association between excessive ovarian response (>20 oocytes retrieved for IVF) and an increased risk of PTB and LBW (Sunkara et al., 2015) . Another study, although including fewer deliveries, investigating factors affecting obstetric outcome after IVF, found however no association between very LBW or SGA and the number of oocytes retrieved (Sazonova et al., 2011) . Ovarian stimulation for IVF resulting in a high serum estradiol (E2) peak on the day of administration of hCG as opposed to a more moderate rise in E2 has been suggested as a risk factor for LBW (Pereira et al., 2015) . Furthermore, a study comparing the perinatal outcome in pregnancies resulting from stimulated as well as unstimulated IVF cycles found no difference in the risk of PTB (Sunkara et al., 2016) . However, only 262 singleton deliveries were included in the unstimulated group, making the result difficult for robust conclusions.
In a recently published study, we showed that the cumulative live birth rates increase with the number of oocytes retrieved, up to around 20 oocytes (Magnusson et al., 2018) . Earlier studies have found that between 6 and 15 retrieved oocytes result in optimal live birth rates after fresh cycles (van der Gaast et al., 2006; Hamoda et al., 2010; Sunkara et al., 2011; Fatemi et al., 2013; Steward et al., 2014) , although this does not take cryopreservation (cryo) cycles into account. Cryo cycles constitute an increasing and important part of ART, thus it is vital to investigate whether a high number of retrieved oocytes, beneficial for a high cumulative live birth rate, has any adverse effects on neonatal and maternal outcomes.
The aim of this population-based cohort study was to investigate the association between the number of oocytes retrieved for IVF, and the perinatal outcomes and obstetric complications.
Materials and Methods

Patient cohort
All fresh IVF cycles performed in public and private clinics in Sweden from 2002 to 2015 resulting in a singleton live birth or stillbirth and where the information on the number of oocytes retrieved was available were included. Cycles using oocyte donation were excluded.
National registries used
The following national registries were used for data collection: The National Quality Registry of Assisted Reproduction (Q-IVF 2007 (Q-IVF -2015 
The Swedish Q-IVF
Between 1982 and 2006 and after the birth of the first IVF child in Sweden, data on all ART were reported to The Swedish National Board of Health and Welfare. During 1982-2006 , only clustered data (i.e. without personal identification numbers) were reported for IVF cycles. In addition, in collaboration with The Swedish National Board of Health and Welfare, at three occasions during this period, full identification data for deliveries resulting from IVF was collected for research purposes. Since this data file is stored at MBR it was, for the purpose of this study, decided to name this file, the Medical Birth Registry/ IVF (MBR/IVF). In 2007, the Q-IVF was established and funded by the Swedish Association of Local Authorities and Regions. (Cnattingius et al., 1990; MFR 2003) .
SCB (www.scb.se) is a large national database including, for example, data on demographics, socio-economic conditions and educational levels in the Swedish population.
Patient characteristics
Data collected from MBR-IVF/Q-IVF included Swedish personal identification number and maternal age. Data concerning educational level, ethnicity and paternal age were collected from SCB. Data on prepregnancy morbidity (diabetes mellitus, chronic hypertension and renal disease), BMI, previous deliveries, previous Cesarean section and smoking, was collected from MBR. Data on infertility diagnoses and the diagnosis of polycystic ovary syndrome (PCOS) and serious (hospitalized) cases of ovarian hyperstimulation syndrome (OHSS) were collected from NPR.
Treatment characteristics
Data on treatment characteristics including the number of oocytes retrieved, fertilization method (IVF/ICSI), date of embryo transfer, the number of embryos transferred, embryo stage (blastocyst or cleavage stage) and number of sonographically visible gestational sacs at pregnancy Week 7 or 8 were collected from MBR/IVF and Q-IVF.
Perinatal outcome variables
Data were collected from MBR and NPR on the perinatal outcome LBW (<2500 g), very LBW [VLBW] (<1500 g), macrosomia (≥4500 g), PTB (37 + 0 weeks), very PTB [VPTB] (<32 + 0 weeks), postterm birth ≥42 + 0 weeks, SGA (<2 SD below the Swedish growth standard, adjusted for gestational age and gender) (Marsál et al., 1996) , large for gestational age (>2 SD above the Swedish growth standard, adjusted for gestational age and infant gender), Apgar score <7 at 5 min, neonatal morbidity related to PTB (retinopathy of prematurity, bronchopulmonary dysplasiaand intraventricular hemorrhage Grade 3, necrotizing enterocolitis), hypoxic ischemic encephalopathy, periventricular leukomalacia, meconium aspiration syndrome, sepsis, major birth defects according to the EUROCAT classification ( 
Obstetric outcome variables
Data were collected from MBR and NPR on the obstetric outcome variables HDP (including gestational hypertension, pre-eclampsia and eclampsia), gestational diabetes, preterm premature rupture of membranes, postpartum hemorrhage >1000 ml, placenta praevia, placental abruption, and onset of and mode of delivery. Details of ICD-10 codes on obstetric outcome variables are listed in Supplementary Table SI.
Statistics
Data from MBR-IVF/Q-IVF were cross-linked to data from NPR, MBR and SCB. Descriptive statistics were given by mean, SD, maximum and minimum for continuous variables, and number of cases (n) and rate (%) for dichotomous variables. To explore the association between the number of retrieved oocytes and main perinatal and obstetric outcomes, univariable and multivariable regression analyses were used. The number of oocytes was analysed both as a continuous and as a class variable. The oocyte categories were <10, 10 to 14, 15-19 and >20 oocytes. The interval of four to nine oocytes was used as a reference, as this is considered to be the lowest interval for normal ovarian response. Main perinatal outcomes were PTB, VPTB, SGA, peri/neonatal death and major birth defects. Main obstetric outcomes were HDP and placenta praevia. Gender distribution was a post hoc analysis. Crude odds ratio and adjusted odds ratio (AOR) with 95% CI for respective outcome was calculated. The best models to represent the number of oocytes (linear, second degree polynomial, or as class variables, respectively) in the multivariable analyses were decided using Hosmer-Lemeshow tests and visual inspections. For each outcome, the following factors were initially included as potential confounders: maternal age (continuous), smoking (yes/no), BMI (continuous), parity (primiparity yes/no), year of treatment (continuous), cause of infertility (see specification below), fertilization method (conventional IVF/ICSI), embryo stage (blastocyst/cleavage), SET or double embryo transfer (DET), maternal educational level (ordinal: ≤9, 10-12, 13-14, 15, 16, ≥17 years), maternal country of birth (ordinal: Sweden, other Nordic, other European, Africa, Asia, other), OHSS (yes/no), and vanishing twin (more than one gestational sac at first trimester sonography but only one child born). Using a backward elimination procedure, only factors with a p-value <0.2 were included in the final multivariable models. Unknown information was replaced with the overall mean. For the multivariable analysis, cause of infertility was hierarchically arranged in order for patients to have only one cause of infertility. The order of hierarchy was anovulation/PCOS, tubal infertility, endometriosis, unexplained infertility, male factor infertility and other female factors i.e. infertility more probable to affect perinatal outcomes were put higher in the hierarchy (Roos et al., 2011; Luke et al., 2017) .
A p-value of less than 0.05 was considered significant or a 95% CI not including one.
Subgroup analyses were performed for poor responders (≤3 oocytes retrieved), anovulation/ PCOS, OHSS, blastocysts and vanishing twin. Significance testing was performed for main outcomes, for the five subgroup analyses, and for gender distribution. All other outcomes are only presented descriptively. The statistical software used was SPSS statistical package version 23 (IBM, USA).
The study was approved by the Regional Ethics Committee at Gothenburg University, D nr: 214-12, T 422-12, T 516-15, T233-16, T300-17, T1144-17.
Results
The definition of the study cohort is illustrated in Figure 1 . During the study period, 28 059 singletons were born after fresh IVF cycles. In 700 cases, no information on the number of oocytes retrieved was available, thus leaving 27 359 children with complete data for analysis. Patient and cycle characteristics are summarized in Table I . Generally, linear models best represented the number of oocytes and were therefore used.
Association between the number of oocytes retrieved and perinatal outcome Descriptive statistics for the perinatal outcomes are summarized in Table II .
No significant associations were found between the number of collected oocytes and the main perinatal outcomes PTB (AOR 1.002, 95% CI 0.994-1.011), VPTB (AOR 1.013, 95% CI 0.994-1.032), SGA (AOR 0.998, 95% CI 0.988-1.009), peri/neonatal death (AOR 1.008, 95% CI 0.975-1.043) or major birth defects (AOR 1.009, 95% CI 0.998-1.020) (Table III) . However, in a post hoc analysis concerning gender distribution, a higher rate of males was observed when >20 oocytes were retrieved versus the reference interval four to nine oocytes (AOR 1.126, 95% CI 1.014-1.249).
Subgroup analyses for poor responders (≤3 oocytes) showed no significant difference for any of the perinatal outcomes. However, OHSS was independently associated with PTB (AOR 1.555, 95% CI 1.226-1.971), VPTB (AOR 1.653, 95% CI 1.015-2.693) and SGA (AOR 1.508, 95% CI 1.123-2.025). Anovulation/PCOS was positively associated with a risk for PTB (AOR 1.410, 95% CI 1.251-1.588) and VPTB (AOR 1.495, 95% CI 1.164-1.923) but negatively associated with a risk for peri/neonatal death (AOR 0.175, 96% CI 0.092-0.330). For the subgroup blastocyst (n = 3478), a weak association was found between the number of oocytes retrieved and VPTB (AOR 1.056, 95% CI 1.004-1.111) [Supplementary Table SII] , while no significant associations were found in the subgroup of vanishing twin (n = 490) [Supplementary Table SIII] .
Association between the number of oocytes retrieved and obstetric outcome Descriptive statistics for the obstetric outcomes are summarized in Table II . For HDP, a negative association was found for the number of oocytes retrieved as continuous variable (OR 0.989, 95% CI 0.979-0.999) although no association was found when adjusting for confounders (AOR 0.991, 95% CI 0.981-1.001) [ Table III ]. Similarly, a significant association was found for the category 10-14 oocytes versus four to nine oocytes, although no association was found after adjustment. A significant association was however found between the number of oocytes (continuous variable) and placenta praevia (AOR 1.021, 95% CI 1.005-1.037) independently of embryo stage, although blastocyst transfer was also independently associated with placenta praevia (Table III) . The association remained significant when the number of oocytes was categorized (Figure 2) .
No significant associations were found between poor responders (≤3 oocytes), OHSS or anovulation/PCOS and any obstetric outcomes.
Discussion
The main finding of this large cohort study was that the number of oocytes retrieved, even >20 oocytes, was not associated with the risk of PTB, VPTB, SGA, birth defects or peri/neonatal death. The AORs were all close to 1.0 and the 95% CIs were narrow for main outcomes. These results differ to some extent from a recently published large cohort study from the UK (Sunkara et al., 2015) where a significantly increased risk of PTB and LBW was found if more than 20 oocytes were retrieved. A possible explanation might be the lack of data on important confounders such as smoking, BMI and medical history in the UK study, pointed out by the authors as a weakness. As smoking is a well-known risk factor for PTB and LBW (Räisenen et al., 2014) , inability to adjust for this important confounder might have affected their results.
We found, however, an independent association between severe OHSS and PTB, VPTB as well as SGA. Similar findings were reported in a case-control study from Israel where a significantly higher risk of PTB and a lower mean birthweight was observed in women with a history of OHSS compared to women without OHSS (Haas et al., 2104) . In this study, as in our earlier publication (Magnusson et al., 2018) , we have chosen to only include patients with OHSS needing hospital care, to avoid inclusion of milder conditions. The vast majority of severe OHSS cases are hospitalized and are consequently registered in the National In-patient Registry. Thus, cross-linking the in-patient registry with the Q-IVF registry gives reliable data on the correlation between the number of oocytes retrieved and the incidence of severe OHSS.
In addition, we observed an independent association between anovulation/PCOS and PTB as well as VPTB. The association between anovulation/PCOS and PTB has earlier been described in a large Swedish cohort study, which found a higher rate of PTB in women with PCOS compared to women with no PCOS after spontaneous conception (Roos et al., 2011) . Furthermore, we found a weak Continued association between the number of oocytes retrieved and VPTB in the subgroup of blastocyst transfers. This is in line with the meta-analysis by Martins et al. (2016) , showing an increased risk of PTB and VPTB in singletons after blastocyst transfer compared to cleavage stage transfer (Martins et al., 2016) . Although vanishing twin per se has been found to be associated with lower birthweight and SGA (Magnus et al., 2017) , no significant association was identified between the number of oocytes retrieved and adverse outcome in the subgroup analysis of vanishing twin. The rate of major birth defects in our cohort was 4.4%, with no difference with respect to the number of oocytes retrieved. This rate of major birth defects is in line with previous studies (Källén et al., 2010; Hansen et al., 2013) .
Concerning obstetric outcomes, a significant association was observed between the number of oocytes retrieved and placenta praevia. Traditionally in Sweden, embryos have been transferred at the cleavage stage, mainly on Day 2. However, in later years more blastocyst transfers have taken place, particularly in women with a high number of retrieved and fertilized oocytes. In two previous studies from Sweden, there was a higher risk of placenta praevia after the transfer of blastocyst than after the transfer of cleavage stage embryos (Sazonova et al., 2011; Ginström et al., 2016) . A few other studies have investigated the association between embryo stage and placenta praevia without finding any significant differences in the distribution of placenta praevia depending on embryo stage (Fernando et al., 2012; Ishihara et al., 2014; Martins et al., 2016) . In the present study, including only fresh cycles, the association between placenta praevia and the number of oocytes retrieved remained significant after adjustment for embryo stage, which might indicate that excessive stimulation per se may have an impact on implantation site. A significantly lower risk of placenta praevia after frozen-thawed embryo transfer (FET) than after fresh transfer has been reported (Sazonova et al., 2012; Sha et al., 2018) and since most FET cycles are performed in natural cycles, without any ovarian stimulation, this also indicates that controlled ovarian hyperstimulation may alter implantation mechanisms.
An unexpected finding was the increased rate of male gender when more than 20 oocytes were retrieved. Previous studies have shown a slightly altered sex ratio after ART compared to spontaneous conception (Maalouf et al., 2014) and a higher rate of male gender after IVF versus ICSI (Dean et al., 2010; Maalouf et al., 2014) . Furthermore, several studies have reported a higher rate of male gender after blastocyst versus cleavage stage embryo transfer (Dean et al., 2010; Maalouf et al., 2014; Ginström et al., 2016) . In the present cohort the IVF/ICSI ratio was 54.1%/45.9% with no difference between oocyte number categories. The association between the number of oocytes retrieved and male gender remained significant after adjustment for blastocyst transfer. It has been suggested that male embryos divide faster than female embryos, hence have a higher probability of being selected for transfer (Milki et al., 2003) while other studies have not found any skewed sex ratios after blastocyst transfer nor a difference in growth speed between male and female blastocysts (Richter et al., 2006; Weston et al., 2009 when a high number of oocytes were retrieved. This gender effect was a result of a post hoc analysis and might well be a random finding and should be interpreted with caution. The strength of the present study is the large sample size and the population-based design, including all fresh IVF cycles performed in Sweden from 2002 to 2015 resulting in singleton deliveries. Furthermore, it was possible to adjust for several relevant confounders.
Limitations include possible unknown confounders that might have an impact on the results. In 700 cycles (2.5%) data on the number of oocytes retrieved were not available. Furthermore, data on infertility diagnoses may be incomplete as sometimes IVF treatment is performed after only minor infertility investigation, meaning that reports on diagnoses to the NPR might be missing.
In conclusion, no association was found between the number of oocytes retrieved and main perinatal outcomes. Concerning the significantly increased risk of placenta praevia with an increasing number of oocytes, this association is weak but nevertheless might be a concern and needs confirmation from other studies. The results presented here are reassuring, both for patients and IVF physicians. Figure 2 The association between the number of oocytes retrieved and placenta praevia. The figure shows the incidence of placenta praevia in relation to the number of oocytes retrieved (categorized). P = 0.002 (Chi square for trend).
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